The cardiovascular effects of intravenous sedation were studied in fifty patients after spinal anaesthesia for lower limb or pelvic surgery. Twenty patients received propofol (mean dosage 74 (SD 4) jiglkglminfor 0-20 minutes and 51 (SD 7) jiglkglminfor 20-40 minutes), twenty received midazolam (35 jiglkg+ 2.54 (SD 0.2) jiglkglminfor 0-20 minutes and 1.35 (SD 0.2) jiglkglmin for 20-40 minutes) and ten patients received saline infusion only. The forearm vasoconstriction in response to the spinal anaesthesia was measured by strain gauge plethysmography. Spinal anaesthesia lowered systolic and diastolic blood pressure by 18 (SED 4) mmHg and 9 (SED 2) mmHg respectively. (SED = standard error of the difference.) This was associated with a 32% decrease in mean forearm blood flow. Propofol and midazolam caused similar additional reductions in systolic and diastolic blood pressure (10 (SED 4) mmHg and 4 (SED 2) mmHg) and a decrease in heart rate (P < 0.005), but forearm vasoconstriction was not altered. In the control group, however, forearm vasoconstriction increased during 40 minutes in theatre (P < 0.05).
emulsion formulation of di-isopropyl phenol (propofol, Diprivan) may offer certain advantages in this situation. A rapid distribution phase and high plasma clearance ensure that both its onset of action and patient recovery are rapid, even after repeated dosage or long infusion times. 3 ,4 This suggests that an infusion could easily be controlled to produce a constant level of sedation. Excitatory effects and the incidence of pain on injection are less than with methohexitone,s,6 nausea is uncommon and respiratory depression minimal with sedative doses. 7 The degree of cardiovascular depression following propofol has caused some concern. This may be most significant when anaesthetic doses of propofol are given in conjunction with nitrous oxide. 8 ,9 The reduction in cardiac output and systemic Anaesthesia and Intensi"e Care. Vol. 16 . No. J. August. 1988 vascular resistance does not appear to be exaggerated in patients with pre-existing cardiac diseases. IQ The successful use of propofol for sedation in patients having lower limb surgery with spinal anaesthesia has already been reported, 7 but the cardiovascular responses were not studied in detail. Hypotension after propofol results from a decrease in both cardiac output and systemic vascular resistance. The latter may be largely reversed by the surgical stimulus. 11 Maintenance of blood pressure after spinal anaesthesia depends on reflex upper limb vasoconstruction which could be reduced by propofol. In addition the spinal blockade removes the surgical cardiovascular stimulus.
The present study was designed to compare propofol with midazolam for sedation in spinal anaesthesia. We aimed to record the ease of control of sedation, patient acceptability, occurrence of side-effects and speed of recovery. In addition the effects of sedation on the maintenance of blood pressure and reflex vasoconstriction after spinal anaesthesia were investigated.
METHODS
Approval for the study was obtained from the Hospital Ethics Committee and informed consent given by the patients for each anaesthetic protocol. Fifty patients were studied (41 male, 9 female), average age 69 years (range 51-82 years), scheduled for transurethral prostatectomy, joint replacements, peripheral vascular surgery or gynaecological surgery. Duration of the surgery ranged from 40-240 minutes. All received spinal anaesthesia with 0.5% cinchocaine, 2.0 to 2.5 ml. A control group of ten patients received no sedation and the remainder were randomly assigned to receive either propofol (Diprivan) or midazolam (Hypnovel) infusions.
Forearm blood flow was measured using a mercury-in-silastic strain gauge (Neomedics) wrapped around the forearm and secured with tape. 11 Prior to use, the gauges were tested for linearity and sensitivity over an expansion range of 4 mm in gradation of 0.06 mm. Two gauges only were used in the study and the deviations of these from a linear response were never greater than 2.5% of the predicted response over that range. The forearm was Anaesthesia and Intensive Care. Vol. 16. No. 3. August. 1988 elevated slightly on a foam cushion and a cuff on the upper arm inflated to 60 mmHg. The change in forearm circumference over 15 seconds following cuff inflation was recorded on a chart recorder and the slope of the linear segment of the trace (i.e. excluding any initial cuff-artefact or venous congestion plateau) was measured. The baseline of the system was adjusted in individual patients to compensate for differences in the initial gauge length following application to the forearm. The forearm diameter beneath the gauge was not measured, so blood flow is expressed in arbitrary units only and there was a large variation in control values (Tables 1-3) . Therefore, only changes in flow from control 'within patients' were considered. An index of relative forearm vascular resistance was calculated by dividing the nominal limb perfusion pressure (mean arterial pressurecentral venous pressure) by the forearm blood flow.
On arrival in the anaesthetic room, peripheral and central intravenous cannulae were inserted, the latter via the cubital fossa using a 'Drumcath'. The position of the central cannula was judged from the respiratory excursion. Blood pressure was measured automatically with a non-invasive device ('Dinamap' or 'Lifeline') after an initial reading was checked with a sphygmomanometer.
Baseline measurements of systolic and diastolic blood pressure (BP), central venous pressure (CVP), heart rate (HR) and forearm blood flow (FBF) were made over 20 minutes. Spinal anaesthesia was induced, with the patient in either a sitting or lateral position according to the type of operation. Adrenaline 1:200,000 was added to the cinchocaine if the surgery was expected to last for longer than 90 minutes. Normal saline 10 mllkg was infused at the time of the spinal injection. The upper sensory limit of the block was checked with ice at 15 minutes and then the circulatory measurements were repeated.
Patients were randomly allocated to control, propofol and midazolam groups. In forty patients, sedation was commenced just prior to surgery. Propofol was infused at 100 j.lglkglmin for 10 minutes, then at 50 j.lglkgl min. Alternatively, a bolus of propofol 20 Mean values for each 20-minute period. Plethysmography gradient in arbitrary units is directly related to forearm blood flow. Resistance index calculated as (mean arterial pressure -CVP)lflow gradient. SEM = standard error of the mean from analysis of variance = (error mean square/n)1I2 Ilg/kg and midazolam 0.8 Ilg/kg/min was administered. The infusion rates of either drug were altered at five-minute intervals aiming to keep the patient just responding to command or a mild stimulus. The duration of the surgery ranged from 40 to 150 minutes. Sedation was scored on a scale of 0-4, where o = alert, 1 = drowsy, 2 = rousable to command or mild stimulus, 3 = response to painful stimulus only, loss of eyelash reflex, and 4 = light general anaesthesia. This was monitored at five-minute intervals together with BP, CVP and HR. Forearm blood flow was measured each ten minutes and a single arterial sample for blood gas estimation was taken at thirty minutes.
Analysis of results
The circulatory responses were averaged for the initial 20-minute infusion, the 20-to 40-minute infusion period, and then for 20 minutes after the completion of surgery and termination of the infusion. In each of the three patient groups, each variable was then analysed using two-way analysis of variance with patients and 20-minute treatment periods being the two factors. Individual comparisons with 1.0 degree of freedom were made by orthogonal partitioning of the treatment sums ofsquares. 13 Standard error of the mean (SEM) and of difference (SED) are derived from the error mean square. The sedation scores were compared between groups by unpaired t test. INFUSION 
RECOVERY

RESULTS
Spinal anaesthesia
The upper level of the sensory block ranged from T12 to T 4 in the fifty patients with a mean level T 1 O. In all cases, the local anaesthetic alone was considered adequate for the surgery and significant regression of the block was not found on testing immediately after the procedure.
Drug doses
The actual mean propofol infusion rates for the periods 0 to 20 minutes and 20-40 minutes were 74 (SD 4) Ilg/kg/min and 51 (SD 7) Ilg/kg/ min. The rates of midazolam infusion were 35 Ilg/kg + 2.54 (SD 0.2) Ilg/kg/min and 1.35 (SD
Although a bolus injection preceded the midazolam infusion, the .desired level of sedation was achieved more rapidly with propofol. The mean sedation score during propofol infusion ranged only from 2.3 (SD 0.2) to 2.6 (SD 0.2) between 10 and 40 minutes (Figure 1) . The desired level of sedation (score 2, rousable to command or mild stimulus) was reached more slowly with midazolam (P<O.OOl at 10 minutes). A greater number of patients given midazolam were responsive to painful stimuli only by the end of the 40-minute infusion period (sedation score 3.0 (SD 0.3) at 40 minutes Figure 1 ). In the recovery period, only two of the patients treated with propofol remained drowsy ten minutes after the infusion was ceased. Both were treated more than 100 minutes and were considered fully alert after 35 minutes. After midazolam, the majority of patients were only just rousable to command at ten minutes and required on average twenty minutes to achieve the same level of recovery as the propofol group reached at five minutes.
Respiratory effects
All patients received 40% oxygen by mask after the spinal injection. Mean values for arterial blood gases taken 20 to 30 minutes after the start of the propofol and midazolam infusions were P02 198 and 178 mmHg respectively and Pe02 44 and 43 mmHg which did not differ significantly. When level 3 on the sedation scale was reached, the patient's jaw was sometimes supported, but oropharyngeal or nasopharyngeal airways were not required.
Circulatory changes
The effects of spinal anaesthesia were similar in the propofol, midazolam and control groups (Tables 1-3 ). Systolic BP fell by 18 (SED 4) mmHg and diastolic by 9 (SED 2) mmHg. There was no significant difference in CVP or HR between the control and postspinal periods in any of the three groups. The forearm blood flow (FBF) decreased by an average of 32 (SED 9)% (P < 0.001) in the three groups after spinal anaesthesia and the resistance index increased by 52 (SED 25)%.
In the control group (Table 1) there was no further significant change in BP or HR, but there was a further decline in FBF 25 (SED 9)% and an increase in resistance index (P < 0.05) during the first twenty minutes of surgery.
During the propofol and midazolam infusions (Tables 2 and 3; Figure 2 ) there was a similar additional decrease in both systolic BP (10 (SED 4) mmHg, P< 0,01) and in diastolic BP (4 (SED 2) mmHg, P < 0.05) during the initial infusion period. BP was not altered further during the second 20-minute period of either infusion. HR was reduced and CVP increased slightly with both drug infusions (P < 0.005). (Figure 3 ). However, there was a further reduction in forearm blood flow by 26 (SED 14)% of the control value in the twenty minutes after ceasing propofol (P < 0.05, Table 3 ). This was similar to the gradual reduction in forearm blood flow that occurred in the untreated group over sixty minutes (Table 1) , P < 0.05). During propofol infusion the resistance index was 15.6 (SED 4.8) units lower than the average of the post-spinal and recovery values (P < 0.05, Table 3 ). The increase in relative forearm vascular resistance index during recovery in the midazolam group was smaller and did not reach statistical significance.
DISCUSSION
Sedation to the point of stupor will often result in loss of competence of the airway and respiratory obstruction, and this may have disastrous consequences. 14 dosage of sedative agents with appropriate psychopharmacological profiles may be expected to achieve sufficient anxiolysis and euphoria to permit apparently normal sleep during surgery without loss of airway competence or significant respiratory depression. This is supported by the results of the present study in patients whose sedation score did not exceed 2. Patients who did not respond to command occasionally required jaw support, and this depth of sedation may prove hazardous in the absence of close observation and monitoring -perferably employing pulse oximetry. All patients in this series who received a sedative infusion had expressed a preference for this preoperatively and were satisfied with their anaesthesia. Recovery from propofol was noticeably faster and more complete than after midazolam, when some patients remained confused and drowsy. Those receiving propofol often expressed surprise in the recovery room at their rapid awakening and alertness. These patients also had little recollection of the operating room. The anaesthetists found the level of sedation easier to control with the propofol infusion, as evidenced in the smaller scatter of the sedation scores. The greater range of sedation scores in the midazolam-treated patients suggests that there is little benefit in the use of an infusion rather than bolus doses alone.
Sedation with either propofol or midazolam produced only a small and acceptable additional decrease in blood pressure. Although the sedation score increased in the 20-to 40-minute infusion period in the midazolam group, this was not reflected in further significant changes in the cardiovascular variables. The upper limb vasoconstriction in response to spinal anaesthesia and vasodilation in the lower body was maintained during both drug infusions, although the further gradual increase in forearm resistance seen in the control group was abolished by the propofol infusion. This was despite a significant number of ASA class III patients (average age 69 years) and supports the evidence of previous studies that there is little age-related increase in the cardiovascular depression from propofol or exaggerated response In patients with coronary artery disease. ls . 16 The infusion rate was similar to that used by Coates et aU in conjuction with nitrous oxide, resulting in a 55% decrease in systolic blood pressure. This was secondary to roughly equivalent reductions in cardiac output and vascular resistance and suggests that the direct cardiac depressant effects of propofol may be potentiated by other agents. Studies of midazolam in the absence of other anaesthetic agents have shown that sedative doses have little effect on resting haemodynamic variables, even in patients with coronary artery disease. I , 17 The maintenance of reflex vasoconstriction after spinal blockade implies that baroreceptor function is preserved. We have previously found in animal experiments that propofol causes significantly less depression of arterial baroreceptor-mediated heart rate responses than either the steroid anaesthetic althesin or sodium thiopentone. 18 • 21 The decrease in periperal vascular resistance seen at low propofol doses in these experiments was also found to be dependent on the presence of intact baroreceptor afferents. In normal patients, propofol causes a greater reduction in blood pressure than thiopentone, 19.20 and this can be at least partly explained by actions on the baroreflex pathways. Complete removal of the arterial baroreceptor afferents or marked depression with thiopentone results in an increase in peripheral resistance, heart rate and blood pressure 21 due to withdrawal of an inhibitory influence on the sympathetic nervous system. These changes are not seen with propofol alone, although the presence of a surgical stimulus can still induce a significant rise in systemic vascular resistance. The sympathetic vasoconstrictor response to intubation is also not blunted after propofo1. 8 • 10 Intravenous sedation might be expected to cause severe hypotension in patients who have regional vasodilation or a low CVP if reflex vascular responses are not preserved. Caplan et al. 14 have recently reviewed the factors involved in unexpected cardiac arrest during spinal anaesthesia. They suggest that decreased reflex responses to hypoxia and hypercarbia following intravenous sedation may be significant. Although in the present study sedation did not alter the initial upper limb vasoconstriction after spinal anaesthesia, further vasoconstriction did not occur during surgery, as was seen in the awake patients. This also suggests impairment of cardiovascular responses to other intraoperative stimuli. The rapid recovery after propofol infusion may therefore be important in ensuring that patients are not at risk in the postoperative period when there is less monitoring. This study confirms the previous reports 7,22 that propofol can be used safely to supplement spinal anaesthesia and has advantages due to its pharmacokinetics over other anaesthetic agents, such as midazolam, currently used for that purpose.
